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DESCRIPTION 

Support wth a isurfece structure for sensitive evanescent-lBeld detection 

The present invention is concerned with a support, in particular an optical disc, vniHi a 
surfece structure for the detection of at least one optically-active substance within the 
5 evanescent-field at one sur&ce of the support, whereby the sur&ce structure allows the 
generation of an evanescent-field in a medium adjacent to the sur&ce structure. The 

invention also concerns a device employing such a support with a surfece structure, in 
particular an optical disc and uses of the support with a surface structure and the device. 

1 0 Heterogeneous binding assays are routinely used id chemical and biological test systems 
to evaluate the capacity of a target compound or ligand contained within a test 
specimen, e.g. a fluid, to bind to immobilized capture probes. Such assays are used in 
all areas of chemistry, biochemistry or biology where the interaction between two or 
more chemical entities is examined. In particular in biology and biochemistry many 

15 processes, including, for example, regulative processes, signal transduction, the 
formation of larger functional complexes or the immune response depend on the 
specific interactions between proteins or between proteios and nucleic acids, A large 
variety of heterogeneous assay formats have been developed using many different 
approaches for detection of binding. For example, such assaj^ are used for the diagnosis 

20 of diseases by immobilizing antibodies, which bind to a disease-related antigen on a 
sur&ce and detecting the antigen contained in a sample solution. The presence or 
absence of the antigen is then indicative of the specific disease. Similar assays are also 
performed in approaches of directed evolution, wherein a variety of slightiy different 
compounds immobilized at different positions on a sur&ce are contacted with the same 

25 target and those compounds which show the strongest interaction with the target are 
selected for further analysis (e.g. by mass spectrometry) and further modification. 

To detect binding of a Ugand to a capture probe a variety of methods have been used, 
which include electrochemical methods like, for example, potentiometric methods, and 
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radiation-based methods including, for example, detection of fluorescence, light 
scattering or radioactivity. Some of these detection methods require the introduction of 
a label, which can be specifically detected. For example, such label can be attached to 
the capture probe and a variation of the signal upon binding of the ligand to the labeled 

5 capture probe is detected. It is also possible to label the ligand and detect the signal of 
the bound ligand upon binding to the capture probe. Another assay format involves 
labeling of a third component, which specifically binds the ligand and, thus, is recruited 
via the unlabeled ligand to the capture probe. The later assay format is called sandwich 
assay and is most commonly used, for example, in enzyme linked immunosorbent 

10 assays (ELISA). Other assay formats, which have equally been employed in the prior art 
include unbinding, displacement and competition assays. Depending on the way of 
measurement of the binding or unbinding a variety of labels have been used in the prior 
art including, for example, radioactive labels, fluorescent labels, scattering labels, or 
enzyme labels. 

15 

In a typical embodiment of a bmding-type assay format the medium containing a 
labeled ligand is removed after incubation with the unmobilized c^ture probes leaving 
behind labeled ligand only at those capture probes, to which the ligand has bound. In a 
next step, for example, when employing fluorescently labeled ligands the labels are now 
20 excited by light of a wavelength specific for the label and the fluorescence generated at 
each capture probe is measured. Usually in this arrangements the light used for 
excitation is directed onto the surface coated with the capture probes firom above and 
the emitted fluorescence is detected. 

25 Another approach for measuring fluorescence, which has been used in the prior art is 
the use of an evanescent-field for excitation of a fluorescent label. An evanescenlrfield 
is formed if a light beam is directed at an angle p at the interfece of two materials, i.e. a 
translucent support material and a probe material, typically a liquid or a gas, and if the 
quotient of the refi:active index of the two materials, i.e. the liquid sample or gas (nexit), 

30 which lies adjacent to the translucent support material (Demrance), through which the light 
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beam is directed is smaller than the sinus of the angle B. This situation leads to total 
internal reflection (HR) of the light beam at the interfece and the formation of an 
evanescent-field in the liquid or gas, wherein the depth of the field formed at the 
interfece depends on the respective reflection indices, the angle, and the wavelength of 

5 the light The use of an evanescent-field for the detection of fluorescence in an immune 
assay is disclosed in DE 196 28 002 wherein a light source is directed at an angle at a 
plane base-plate on top of which a capture probe is arranged to which a biological 
sample can be applied, however, the format disclosed in DE 196 28 002 in which a laser 
light source is directed at an an^e at a plane surfece covered by a second plane plate 

10 with a cut out section, which forms a cuvette-like compartment for holding the sample, 
is not suitable for high throughput applications, which require the read out of binding 
signals ftom mamy different locations on a surface. DE 196 28 002 does not disclose 
adulations of tlhie evanescent-field detection to high throu^put applications, which 
would involve the excitation of different capture probes immobilized in different areas. 

15 The problem of the technology disclosed inDE 196 28 002 is in part Ihe following: To 
address many different spots on the surfece on the plane base plate the light beam of the 
lf«er, which has a fixed position, would have to be moved over the surfece of the base 
plate in a scanning feshion, however, this would change tJie angle of the 11^ beam with 
respect to the plate during the scanning and, thus, the depth of the evan^cent-field at 

20 each scanned p oint. In addition the strength of the evanescent-field, i.e. the depth of the 
of the field fonacd, is small due to relatively small angles of mclination of the light 
source, which can be achieved in the set-up disclosed in DE 196 28 002. 

This problem is solved by the provision of a support with a surfece structures 
25 comprising inclined planes, which allow the generation of an evanescent-field at many 
different locations on the surface structure, while keeping the angle of the light beam 
used for generjition of the evanescent-field essentially constent and at small or no 
inclinations with respect to the plane of the support, and moving either the support with 
a surfece structure coniprising the inclined plane(s) relative to Ihe light source or 
30 moving the light source or the light beam relative to the si^ort with a surfece 
comprising the inclined plane(s). 
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Therefore, in one (anbodiment the present invention provides a support with a surfece 
structure for the detection of at least one optically-active substance within the 
evanescent-field, in particular for the detection of binding and/or unbinding events, at 
5 one surface of the support, in which in at least one area a plane of said surfece is 
inclined with respect to the plane by an angle Owedge fiom about 10° to about 85*. A 
support with the above delineated surface features will be enable of generating (an) 
evanescent-field(s) on the surface of the support once light is shone onto the surface 
even if the light is directed at the surface in a perpendicular fashion. 

10 

The term "support" as used in the present invention refers to a material having at least 
two surfaces which are essentially parallel to each other. The distance between the two 
surfeces is preferably between 0. 1 mm and about 1 cm, and most preferably between 
about 0.5 mm and 3 mm. The material of the support is at least at the surfece structure 

15 comprising the inclined plane(s) translucent. Preferably the support is made of 
essentially translucent material. Appropriate materials include without limitations 
polymers like, for example, poly carbonates, polyethylenterephtalat, cyclic olefinic 
polymers, and other materials such as glass and quartz. Supports within the meaning of 
the present invention, thus, include, for example, glass slides or plates and optical discs. 

20 Preferably the suiJport is an optical disc. The support can be made entirely out of one 
material, can have a layered structure combining different materials or can have areas 
within the support made out of different materials. 

The size and form of the support is not particular limited. It preferably is between 0.1 
25 tsm^ and 400 cm^', more particular between 0.2 mm^ and 200 cm^, most preferably 
between 1 mm^ and 150 cm^. The support can have in a preferred embodiment a 
circular, rectangular, square or triangular shape. Most preferably the support has a 
circular shape. 



30 
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The term "incliaed plane" refers to a section of the surface of the support, which is 
inclined with respect to the general orientation of the surfece of the support and which is 
essentially 

5 flat, flat or curved. In a preferred embodiment the sur&ce of the plane is essentially flat 
or flat and in the most preferred embodiment the sur&ce of the plane is flat 

In a preferred embodiment the angle at which the plane of the sud&ce is inclined with 
respect to the surface of the support is ftom about 15° to about 75°, more preferably 
10 firom about 25° to about 65° and most preferably from about 35° to about 55°. The 
appropriate angle, which leads to evanescent-field formation will in part be determined 
by the inclination of the light beam with respect to the smrfece of the support, which is 
in a preferred eitnbodiment determined by the numerical aperture of the focussing 
objective lens directing a light beam at the inclined plane in a reader device. 

15 

In the curved embodiment of llie inclined plane the plane has diffetent angles with 
respect to the sur&ce of the support at each point along the curve, however, the angle of 
each point on titie curve is preferably within the above indicated range and preferred 
subranges, thus allowing evanescent-field formation along the curved inclined plane. 

20 

The suitable angle otwcdgc necessary to lead to total internal reflection (TIR) of the light 
directed at the surfece, which ia turn leads to the generation of an evanescent-field in 
the medium adjacent to the disc, Le. on the surfece of the support, depends on the 
refiactive index of the translucent material of the optical disc (jo^a^), on the lefitactive 
25 index of the medium adjacent to the disc (nmedinnOj which preferably contains a Hgand, 
and on the angle ona between the li^t beam and the normal of the surfece of the 
support The inclination of the light beam (prnO relative to the normal of the inclined 
plane is the sum of Wwedge and aNA (yim = ywedge + yNA). Total internal reflection and 
evanescent-field formation occurs when yia > arcsin (flas^^m^)- 



30 
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In most cases the medium containing the sample to be measured will be a water-based 
solution or dispersion and, since water has a refractive index of about 1.33 the reftactive 
index n«e«um, i-e. the liquid con:q)rising the sample, will be between 1.3 and 1.7, and 
preferably about 1.33. Ifasample with a reftactive index of 1.33 is used total intemal 

5 reflection and evanescent-field formation will occur when the refiactive index naupport of 
Ihe material of the support is larger than 1.33 and if the angle pm fidfills above 
criterion for TIR. However, in some cases the liquid can be replaced by gas at the time 
of measurement aad then the refractive index of nmedfam will be aboutl.O. Therefore, in 
order to allow TUL and evanescent filed formation to occur at the support-gas interface 

10 the refiractive index of the support material has to be larger than 1 .0. Accordingly, in a 
preferred embodhnent the reftactive index ns^pportof the material of the support is larger 
than 1 .0 and smaller tiian 2.0 and preferably larger than 1 .33 and smaller than 1 .9 and 
most preferably between about 1 .4 and about 1 . 8. In particular if the support of the 
present invention is its preferred embodiment, i.e. an optical disc, then the refiactive 

15 index nsupport is preferably larger tiian about 1.33 and smaller than about 1.9 andmote 
preferably between about 1 .4 and about 1 .8. 

Taken together, tlae refractive index of the medium contaming a sample adjacent to the 
support typically varies in the range of 1 .0 to 1 .7 and, therefore, a wide variety of 

20 support materials can be selected in order to generate an evanescent-field on tiie 
medium side of tiie medium-support interface dependmg on the chosen pm- In the 
preferred embodiment of tiie support of the present invention, i.e. the optical disc, a 
support with the indicated optical properties can be made fcom a variety of materials 
including, for example, polycarbonates (PC) or cycUc oleflnic polymers. However, it is 

25 not required, tiiat the entire support, preferably tiie entire disc is made out of material 
having the above indicated refractive and optical properties. It is possible to use liiis 
material only in ithose parts of the support, preferably the disc comprising a surface 
stmcture with one or more inclined planes. 

30 
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Current methocls of loicrostructurmg of the surfaces of materials, in particular optical 
discs, allow the formation of several billions of indentions (pits) to store data and a 
similar technology can be used to form within the surface of the optical disc ftirther 
inclined planes capable of generating an evanescent-lBeld in a medium once li^t is 
5 directed at them. Therefore, the support of the present invention compdses at least one 
area with such inclined plane(s) preferably between 10 areas and 1,000,000 areas. In 
medical diagnostic applications the support, preferably the disc will tsrpically have 
between 1 and 100 different areas, however, for some applications like, for example, 
pathogen Gne-typhig or DNA polymorphism determination the number of areas will 

10 preferably be between 1 .000 and 1 00.000. Preferably the areas comprising an inclined 
plane are separated from each other by a surface area which is either plane or structured 
with channels, raised regions, trenches or structures to fluidically separate one or more 
areas of the si^ort, preferably the disc, from one or more other areas of the support. 
The areas comprising one or more inclined planes can in a preferred enibodiment be 

1 5 structured itself to form, for example, one or more channels, which extend radial ftom 
the center of the support, preferably the disc, or be structured to form one or more 
channels arranged azimuthal around the center of the support, preferably the disc. 

The surface size of an inclined plane depends on the depth of an inclined plane, its 
20 inclination and its extension along the surfece of the support. The term "depth" in this 
context means the distance between two theoretical planes, which run parallel to the 
surface of the support, and in which one plane touches the lower end of the inclined 
plane and Ifae other touches the upper end of the inclined plane (see also "5" in Figure 
2), The depth of an inclined plane is preferably between about 0,1 pan and about 2 mm, 
25 more preferably between about 2 pm and about 1 00 Mm, more preferably between about 
4 \xm and about 10 ixm. The extension of the inclined plane along the surfece is limited 
only by the size of the area comprising (the) inclined plane(s). This area can be 
structured, for example, like a radial, spiral or azimuthal channel and can comprise 
along the surface structures separating two or more inclined planes from each other or 
30 one inclined plane can extend along the complete area. The size of the inclined plane 
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ranges in a preferred embodiment from about 100 nm^ up to a size larger than the 
projected surface area of the support. This is due to its inclination and occurs, for 
example, if the inclined plane is arranged in a spiral covering the complete surfece of 
the support. More preferably the inclined plane will have a surfece area of between 
5 about 1 |am^ and about 2 mm^ and even more preferably between about 1 0 pm^ and 
about 1 mm^. 

The area on the support comprising the inclined plane and possibly additional inclined 
planes adjacent to the first inclined plane has in a preferred embodiment a surface area 

10 of about 1 00 nm^ up to the entire surface area of the support. More preferably the area 
on the support comprising the inclined plane(s) will have a surfece size of between 
about 1 00 |jm^ and about 40 mm^ and even more preferably between about 1 mm^ and 
about 20 mm^ The total surface size will depend on the dimensions of the support and 
in a preferred embodiment on the diameter of the disc. The size of the support is not 

1 5 particularly limiled and can vary in a wide range. In a preferred embodiment the su^ort 
will be structured as a disc and will have a diameter of between about 2 cm and about 
30 cm and more preferably the diameter will be equivalent to the diameter of a 
CD/DVD. 

20 In a preferred embodiment of the invention the surface of the support comprising one or 
more inclined planes is covered by a top plate. This serves to prevent efflux of medium, 
undesired miximg and/or evaporation of liquid from the surface of the support The 
distance between the top plate and the surface is preferably between about 1 pm and 
about 2 nun and more preferably between about 30 \m and about 500 |jin. The top plate 

25 can connect with, for example the upper edge of the inclined planed, raised regions or 
other surface structures in some or all areas of the surface of the support to form 
separated reaction regions, channels or the like. 

Other structures which are included in preferred embodiments of the support comprise 
30 feed or purge lines, fluid inlet and outlet ports, valves, mixing chambers, passive and 
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active switches, sample pretreatment elements such as filters, beads or columns 
con^jrisiag appropriate matrices like, for example, anionic or cationic exchange lesins, 
immuno-afflnity resins or liquid storage compartments hke, fijr exan^le, reagent 
storage con^artments, wash fluid storage compartments or waste storage 
3 con:]|>artments. 

Fluid actuation within the support can be managed by a variety of means known in the 
art including but not limited to over- or underpressure, centrifugal forces, capillaiy 
finces, peristaltic forces, magnetic fim:es, electrical forces (e.g. electrophoresis or 
10 didectrqphoresis). 

Beside the above outlined structures other structures can also be present on surfece of 
the support or embedded in the support hke, for exanqile, pit-patterns as in CD and 
DVD (re-)writable and/or ROM technology or masks and/or reflective coatings which 

15 render part of the disc non-transmissive and which can be made, for example, from 
metal like aluminum, silver or gold. These structures can serve, for example, as 
information storage (readAvrite) and/or tracking device for the optical system when 
reading the support, in particular if the support is structured in its preferred 
embodiment, i.e. as an optical disc. The infonnation can, for example, include 

20 mstructions fior the r^dmg device on how to perfimn the reactions and on the settings, 
e.g. the wavelength, needed for reading the support. It is also envisioned that the results 
and other process or sample data ate stored on the support during or after the 
measurement process. Tracking devices like, for example, pits are preferably arranged 
in the vicinity of an inclined plane and are more preferably embedded in the support 

25 material beneath the inclined plane to allow easy aligmnent of the light beam of a 
reading device and localization of the individual inclined plane(s). This is particularly 
usefid if a Ught beam is used fijr teadmg the support, which has a focal pomt beneath 
the incHned plane(s) on the surfece of the support, preferably within the support (see, 
for example. Fig. 3), Such tracking devices can be disposed, for exatnple, on the internal 

30 interfece of two layers of the siipport as is known from pits in single or multilayer CDs 
or DVDs. 



-10- 



PHDE030220EP-P 



In a preferred embodiment the support can be further structured in such that the area on 
the surfece of the support, which comprises the inclined plane(s), contains one or more 
additional planes adjacent to the first inclined plane(s) (see, for exaniple Fig. 1). 
Preferably the second plane has a larger inclinaticm, however, with an opposite sign, 
than the first inclined plane preferably in the range between 60° and 90° and is arranged 
in such that a "wedge" structured is formed. In a particularly preferred embodiment the 
second plane is arranged adjacent to the first inclined plane in a symmetrical feshion 
leading to the formation of a pyramidal structure within the area (see, for example Fig. 
5). The angle of inclination and the preferred angels of inclination of the two 
symmetrically inclined planes are as outlined above for the first incUned plane. In this 
arrangement evanescent-fields can be elicit on the surfeces of both planes of the 
pyramidal structure thereby increasing the energy of the evanescent-field within one 
measuring area. Preferably in this embodiment two light beams having an identical 
raigle (or angles in cases where the li^t in the light beam is not parallel but, for 
example, focused) with respect to the normal of the support^ however, with an opposite 
sign are directed at the pyramidal stracture. Each beam will undergo TIR at one of the 
two symmetrical planes and will be refracted and transmitted mto the medium at the 
other plane. In this arrangement transmission of light, which does not undergo TIR 
might occur and in some embodiments it might be necessary to inhibit light 
transmission into the medium adjacent to the support to improve measuring accuracy. 
This can be achieved, for example, by applying reflective or absorbing material to the 
support, preferably to the surfece of the siqpport in ^jpropriate areas. Such reflective 
materials comprise, for example, aluminum, gold or silver. The above d«icribed two 
inclined planes can also be separated fcom each other by one or more intermediate 
planes, which are preferably arranged parallel to the plane of the surfiice. Such 
mteimediate planes can, for example, reflect Hght, which otherwise would be 
transmitted into the medium. Fig. 3 shows, for example, an arrangement with three 
planes, in which the first and the second plane have a pyramidal structure with an 
intervening third reflective plane. 
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The inclination of the second plane can also be chosen in such that it totally reflects a 
beam which akeady has been reflected by TIR at the first inclined plane. This second 
TIR event will lead to the formation of a second evanescent-field within one measuring 
5 area and depending on the angles of incHnatiQn of the first and second plane two 
evanescent-fields of varying or identical depths can be created within one measuring 
area. Preferably in Ihis embodiment only one li^t beam, preferably with an aogje with 
respect to the plane of the support, is directed at the surface of the support. It will 
undergo TIR at the first plane and will be re&acted and transmitted into the medium at 
10 the second plane, however, the beam intemally reflected at the first plane will undergo a 
second TIR at the second plane. This arrangement will reduce the amount of light 
transmitted into the medium. 

In a further embodiment the support of the present invention is also structured on flie 
15 second sur&ce, i.e. the sur&ce opposite to the surface comprising one or more areas 
with inclined planes. The sur&ce on the siqpport directly opposite the inclined planes 
can be either plane with respect to ^ plane of the support or inclined. The inclination 
can be identical or leas than the inclination of the plane at which the optically-active 
substance is detected. Furthermore, the opposite sur&ce of the support can also 
20 comprise structures needed for fluid distribution, sample preparation, sample 

application, fluid storage or sample removal as outlined above. Preferably those further 
structures do not interfere with light directed at the inclined plane used for generation of 
an evanescent-field. 

25 In a preferred embodhnent flie siq>port of the present invention is provided with at least 
one captate probe which is attached to the inclined plane. The term "capture piobe" 
comprises any chemical compound that is directly oc indirectly attachable to a surface. 
In a preferred embodiment the capture probe is selected from the group con:q)rising 
proteins, in particular antibodies, receptors, enzymes, signaling proteins or ftagments 

30 thereo:^ peptides, nucleic acids, in particular single stranded DNA, double stranded 
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DNA and RNA, mono and poljraaccharides, nucleic acid analogs, in particular PNA and 
small molecules. 

The term **peptide" comprises polypeptides of a length between 2 and 50 amino acids, 
5 while the term "proteins" comprises polypeptides of a length of 50 and more ammo 
acids. The amino adds of which the peptides or proteins are composed can be naturally 
or non-naturally occurring amino acids and can be of D- or L-confi^atiott. 

The term "small molecules" comprises organic compounds of any structure smaller than 
10 2000 g/mol. Such molecules are preferably used in drug development, since they are 
small enough to pass from the intestines into the blood of a patient and can, thus, be 
orally administered. 

The c^ture probe can be attached directly or indirectly to the hiclmedplane(s) on the 

15 sur&ce of the st^ort while the attachment can be through covalent and/or non-cdvalent 
links. The support surface itself can be fimctionalized for this purpose with, fijr 
exanxple, a hydrogel, a self-assembled monolayer, a surface allowing dhemisootption or 
by physisorption. For covalent linkmg of capture probes to the surfece of the support the 
surfece of the inclined plane can be provided with groups capable of cross-linking with 

20 the capture probe Hke, e.g. epoxy-groups, which react with amino-groups in peptides or 
proteins. The skilled artisan knows a wide variety of chemical residues that allow the 
formation of covalent links between a (fimctioiialized) support sur&ce and capture 
probes. Similarly the capture probe(s) itself can be provided with reactive groups 
capable of forming a covalent or a non-covalent liiik with file surfiBu;e of the support in 

25 particular in the region of the inclined plane(s). Attachment can also be indirect by, for 
exatrtple, coupling biotin to the capture probe and coating the surfiace of the support in 
particular the inclined plane(s) with protein A, which is capable of binding to biotin 
with high afOnity. This mode of attachment leads to an indirect non-covalent attachment 
of the capture probe. A great variety of additional suitable attachment means are well 

30 known m the art. Prefembly, after the linkmg process the capture probe forms a dense 
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layer on the medium side of Ihe inclined plane, which is then referred to as a "capture 
layer". The capture layer preferably covers the complete inclined plane, however, it can 
also be patterned to any shape on the inclined plane including spots, which are then 
referred to as "capture spots". 

5 

The chemicals nec^sary to attach the capture probe to the sur&ce of the inclined planes 
as well as the capture probe(s) itself can be appKed to the support surfiice by a >rariety of 
means including, fat example, printing and spotting. Such directed application provides 
the additional 

10 

possibility to lay down reagents and capture probes in a predetermined pattern on the 
sui^e of the support. 

In general one type of a capture probe will be attached to one inclined plane, however, 
15 ids, fiirther embodiment of the support of the present invention two or moore different 
capture probes are attached next to each other on the same incUned plane. This 
embodiment is particular preferred, if inclined planes with large sur&ce areas are 
arranged on the si^ort, which lhan contain several different capture spots or capture 
layers within one extended inclined plane. Depending on the type of assay, which is to 
20 be performed, in some embodiments a mixture of two or more capture probes is 
attached to one inclined plane. 

In a further preferred embodiment the support of the present iovention conq)iises 
reagents needed for sample preparation and/or measurement like, for example, bufi^, 
25 negative and positive controls, enzymes and/or enzyme substrates. These can be 
contamed in the device as wet and/or dry material. In particular if dried material is 
provided then this will preferably be rehydiated prior to use by the addition of an 
appropriate liquid including, for example, water or buffer. 



30 
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Id a particular preferred embodiment of the support of the present invention the support 
is an optical disc. An optical disc is an essential circular strudure, which is preferably 
made out of polycarbonate. It preferably has a centered contact means, which allows 
contact with a reading device like, for example, a hole. 

5 

In a further aspect the present invention is also concetned with a kit comptising a 
support, preferably an optical disc, and at le^ one reagent Reagents within the 
meaning of the present invention coniprise any chemical conipound necessary to 
perform or fedlitate a reaction on the disc. Preferably reagents are selected from 
10 negative controls, positive controls, buHers, raizymes, labeling agents and/or enzyme 
substrates. 

A fittther aspect of the present invention is a device for the detection of at least one 
optically-active substance within the evanescent-field at one sur&ce of a support 
15 comprising: 

a) at least one li^t source, and 

b) at l^t one detector means 

wheiein the at least one light source is arranged in such that it is opposite to the surface 
of a siqjport where detection occurs once the support is placed in tiie device. 

20 

The detector means can be positioned on the same side or opposite to the Kght source. 
In a preferred arrangement at least one detector means is arranged on the same side and 
more preferably the detector means is arranged to detect any radiation emitted back 
from a support placed in the device towards the light source. This is the usual 

25 arrangement of a silicon PIN or CMOS-detector and a Ca3/©VD-player, where a splitter 
is placed in the light path of the laser diode, which directs the light reflected back 
towards a detector. The same arrangement can be used in the present invention, which 
altows the integration of light source and detector wiftiin a small unit which can be 
easily moved in x or y direction with respect to the surfece of the support, preferably the 

30 optical disc. However, the detector can also be placed on the opposite side of the light 
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source, i.e. on the side of the medium, which leads to a separation of the two light 
systems, la this case appropriate means must be provided to assure exact alignment of 
the light source and the detector means. This is necessary to allow the assigmnent of the 
measurement of radiation elicited by the evanescent-field to a particular inclined plane. 

5 

The light source preferably generates essentially monochromatic li^ Thus, tiie li^t 
source is preferably a laser and more preferably a laser dio(te. The light source can be 
further provided with appropriate filters to eliminate, for esample, li^t of undesired 
fiiequencies or to polarize the light Preferably the laser is tunable to different 

10 wavelengths in case when evanescent-fields of different depths are required and/or in 
cases when different frequencies of excitation are needed for the detection of the 
optically-active substances, in particular for the detection of binding and/or unbinding 
events. Alternatively or additionally further light sources generating light of a different 
wavelength can be included in the device of the present invention. These li^t sources 

15 are in a prefacied embodiment arranged in such that light of all light sources is directed 
at the same point on the sur&ce of the optical disc. This allows the simultaneous 
measaoement of, fbr exarople, the competition of two diffeienfly labeled ligands for 
binding to (a) capture probe(s). 

20 In a preferred embodiment tiie aagle | ona | of flie light (una is tiie angle between tiie 
normal of a support inserted into the device and the light) is larger than 0°. This can be 
achieved by inclining the light source relative to the support or by "inclirung" the light 
by optical means like, for example, by an objective lens or by a mirror. In a preferred 
embodiment an objective lens is placed in the light path, which focuses the H^t beam. 

25 This leads to an inclination of the light with respect to the surfece of the support^ which 
increases towards the perimeter of the lens (see, for example. Fig. 4 and Fig. 7). 
Depending on and pm TIR will occur for all light, which has an inclination Ona > 
Ptir- ttwdge. This critical angle at which Tffi. will start to occur, i.e. oua.'^ Pur- Owedge, is 
also called am. All light reifracted in the objective lens to be directed at the support at 

30 an angle of at least am will, thus, be reflected by TIR and an evanescent-fidd wiH be 
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formed. However, all light directed at the support at an angle of less than Omwill be 
refiacted when passing through the support-medium interface. 

In apreferred embodiment all light having an angle of less than am is blocked &om 
5 being directed at the support by a mask which is placed in the Hght path (see, for 
example, Fig. 4-6), In some embodiments tiiis mask will essentially completely block 
Ught ftom one side of the objective (see, for example, Fig. 4) or will be amangpd to 
essentially block all Ught with an angle of am less than (see, for example, Fig. 5). The 
mask can be made of completely non-transmissive material or of a dichioic or 
10 polarization sensitive material (see, for example, Fig 10). The latter having the 
advantage that while all Ught directed at the support will eUcit TIR, i.e. no U^t is 
directed at the support with an angle smaller than am, the radiation, e.g. the 

fluorescence, eUcited by the evanescent-field is not blocked by a soUd mask and more 
15 Ught can reach the detector leading to a mote setaitive measuring set-up. 

In anoliier preferred embodiment one or more additional lenses ate arranged in 
concentric circles around a central part lens. This composite lens is positioned between 
the Ught source and the support. The additional lens(es) are made out of material wifli a 

20 higher refiactive index than the central part lens (see, for example, Fig. 6). While the 
center lens is used to direct light at the support at an angle > am the second or further 
lens, having a higher reftactive index than the center lens, provides a wider acceptance 
angle for collecting the radiation emitted by the ligand and, thus, this set-up has a higher 
sensitivity than the single lens set-up. This embodiment preferably includes a mask as 

25 outlined above to block essentially all light with an angle less than am- 

In addition to the features of the optical system outlined above a variety of additional 
optical elements like, for example, collimators, sputters, dichioic spUtters or the Uke 
can be included in the optical system of the device of the present invention. The device 
30 of the present invention can comprise features which are weU known in the art from 
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CD/DVD players or writers, in particular it can comprise parts or all of the optical set 
up including objective lenses, light sources, detectors, filters, splitters or the <Mve and 
actuation devices employed in sudh players or writers. 

5 The detector means can be any means cq)able of detecting radiation, pre&cably a PIN 
diode or CMOS-device. The choice of the suitable detector means depends on the 
radiation which needs to be detected, which in turn depends on the optically active 
substances, in particular on the label comprised in the opticdly active substance. 
Ckxnsequentiy, if the detection of the optically active substance, in particular the 

10 detection of binding or unbinding events depends on the detection of fluorescence, 
which has been stimulated by the evanescent-field, than the detector should be capable 
of detecting fluorescence of the relevant wavelength. If the signal is li^t scattered by 
the label or reflected (as in surfece-plasmon-based detection), then the detector means 
should be capable of detecting light of the same wavelengfli as emitted by the light 

15 source. In a preferred embodiment of the device of the present invention erne or more 
filters are arranged in front of the detector, which, for example, in case of the detection 
of fluor^cent light can be a filter with a bioad absorption spectrum and/or a polarizmg 
filter. These filters serve to exclude scattered light of the light source, which could 
decrease the sensitivity of the assay. 

20 

In a fiirther preferred embodiment of the device of the present mvention the wavelength 
of the light source, the inclination of the Hght with respect to the normal of the disc Ona 
and the angle Owedge of the inclined plane(s) of the surfece of the sappcat is(are) selected 
in such that the depth (d) of an evanescent-field, which is formed in the medium 
25 containing the sample, is between 10 nm and 1 {jm, preferably between aibout 20 mn 
and 200 nm. The depth of an evanescent-field, which is caused by li^t of a given 
wavelength, can be calculated accordmg to the following equation: 
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whereby "A," is the wavelength of the light, "nsupport" is the reftactive index of the 
material of the support in the light path and "Anedimn" is the reftactive index of the 
medium conqjrising the optically active substance, in particular a ligand, which is to be 
measured, for example, for its binding or unbinding to the surface of the support, "a" is 
the angle of the light with respect to the normal of the interfece between the two 
materials, i.e. the inclination of the plane, and "d" is the depth of the evanescent-field in 
the medium. Usmg the above indicated formula the skilled person can easily select the 
depth of the evanescent-field based on the wavelength of the light emitted by the light 
source, the angle of inclination of the light with respect to the normal of the support 
and/or the angle of inclination of the inclined plane. The smaller 1he depth of the 
evanescent-field the less optically active substances are detected, wMch are not bound 
to the inclined plane but rather are contained within the medium. The selection of very 
small depths d m which the evauescmt-field is formed leads to excitation of optically 
active substances only, if they are very close to the interfece. If the depth of the 
evanescent-field is selected to only extend over the length of the c^tuie probe and the 
molecule bound to the capture probe such selection would allow the detection of 
binding events on the surface of Ihe support without removal of ftie medium containing 
unbound optically active substances and/or label since primarily optically active 
substances, which are bound to the surface of the support, e.g. to the attached capture 
probe, will be effected by the evanescent-field, e.g. excited to fluoresce. 

However, in some embodiments of the support of the present iavention and its use it is 
desired to generate an evanescent-field, which has a depth that also extends to 
molecules which are near the surfece but not directiy attached to the surface. This 
allows the measurement of the concentration of unbound optically active substance(s) 
and/cff unbound labels in the medium. The concentration of the optically active 
substance(s) and/or labels in the medium, which binding or unbinding is to be 
measured, aEfects the amount and dynamics of the binding of the optically active 
substances and, thus, is important to know. This is particularly the case when 
quantitative measurements and not only quaJitative measurements are to be carried out. 
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In the embodiment of the present invention in which the Kght is focused in the device 
on the support (see, for example, Fig. 2) and, thus, the light beam reaches the mclined 
plane und^ a variety of angles, the length of the section of the inclined plane at which 
5 TIR occurs, i.e. the TIRacth^e area length (Itir), can be determined by the folb^ 
fonnula: 

Ixm: sj°(«^g.)-sip(aHRM«--«m) .j 

sm(«„«fe« - ccjjjoi^) • sin(£i!^ - a^s ) 

10 in which "orreMAx" and "a-nR" are the bounding angles for which TIR occurs at the 

inter&ce of the inclined plane(s) formed on the sur&ce of the substrate and ihe medium. 
The steepness of the inclined plane is defined by "Owedse", "x" is the distoce of the 
focal point from the upper edge of the inclined plane, also termed the "defocus" 
introduced in the sj^em. In this embodiment "defocus" is needed in order to obtain 

1 5 reflection (TIR for angles of the light > am) and refraction (for angles of the light < 
ttTcO at the surface of the inclined plane. If no defocus would be introduced (jp=0), the 
support would be sampled in the near field of the focus where the incoming wave fixjnt 
is perpendicular to the surfece of the support la this case the angles otkmax and Om 
would be virtually zero and no Tffi. would occur. 

20 

Preferably x is a few focal depths of the focussing system: x r; cr(l) — and 

NA 

preferably between 1 and 100 jiim, more preferably between 2 and SO pm and most 
preferably between 4 and 20 |4,m, x can have a negative or positive sign, i.e. the focal 
point can be located beneath or above the surfece of the support. 

25 

The depth of the inclined plane "8", which is required to accommodate the possible TIR 
active area lengfti for a given defocus x can be determined as follows: 
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la a flarfher aspect of the present invention the device of the present invention fbrther 
comprises the support of the present invention. The device is adapted with suitable 
actuation devices like, for exarople, servo motors or piezo elements to move the 
support, for example, in x or y direction or in circular fashioa However, it is also 
possible to move the light source and/or the detector relative to the support, for 
example, in an x or y direction. In a particular preferred embodiment the support is an 
optical disc. The disc can be rotated in Ihe device around an essentially centered contact 
means preferably a hole in the disc, which is used to center the disc in the device. In this 
embodiment the light source and/or the detector means can be stationary or move 
relative to the disc, preferably laterally. 

A further embodiment of the present invention is the use of a support of the present 
invention or a device of the present invention for the detection of at least one optically- 
active substance within the evanescent-field at one surface of the support, in particular 
at a surface of an optical disc. A preferred use is the detection of binding or unbinding 
of an optically active substance contained within a medium to one or more inclined 
planes of the surface of the support by an evanescent-field. In a preferred embodiment 
of the use of the present invention the optically active substance is detected by 
fluorescence, optical scattering and/or reflectance modulation. 

The term "optical active substance" comprises any chemical entity capable of reflecting, 
refiacting, adsorbing or scattering an evanescent-field or being excitable to fluoies or 
phosphores by an evanescent-field. The optical active substance either possesses this 
activity alone like for example, GFP-proteins or possesses it by virtue of one or more 
labels, which can be directly or indirectly attached. A wide variety of labels is known in 
the art like, for example, fluorochromes like, for example, FITC, Cy3, Cy5, riiodamine, 
fluorescein or quantiim dots or auto-fluorescent proteins like, for example, green 
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fluorescent protein (GFP) or variants thereof or metal particle in particular ^Id or 
silver spheres (nanopardcles), or up-converting phosphors. 

Label(s) can also be attached to the capture probe or additional components that may 
5 hind to the optical active substance and/or the c^ture probe. 

In a prefened embodiment the optical active substance comprises a ligand attached to a 
labeL 

10 The tenn "ligand" comprises any chemical entity enable of being bound by a capture 
probe as defibaed above. In particular the term ligand comprises nucleic acids and 
nucleic acids analogs, including DNA, RNA, PNA and the like; proteins and peptides, 
including enzjmes, transcription factors, signaling molecules and signaling molecule 
receptors, structural proteins and receptors; mono of poly saccharides; single cells, cell 

15 aggregates and tissue fragments, including all human, animal or plant cell types, 

preferably hemapoetic cells like, for exan^le, T-cells, B-cells, macrophages, dendritic 
cells, platelets, red blood cells; bacteria including witiiout ^nntatimAcidcminococcus, 
Adnetobacter, Aerpmonas, Alcaligenes, Bacilbss, Bakteroides, Bordetella, 
Branhamella. Brucella, Cafymmatobacterium, Campylobacter, Cardiobacterimt, 

20 Chromobacterium, Citrobacter, Clostridium, Corynebacterium, Edwardsiella, 
Enterobacter, Enterococcus, Erysipelothrtx, Escherichia, Eubacterium, 
Flavobacterium, Francisella, Fusobacterium, Haemophilus. Helicobacter, Klebsiella, 
Lactobacillus, Legionella, Listeria, Micrococcus, Moraxella, Morganella, Neisseria, 
Pasturella, Peptococcus, Peptostreptococcus, Plesiomonas, Propionibacterium, 

25 Proteus, Providenda, Pseudomonas, Salmonella, Serraria, Shigella, Stcphyhcoccus, 
Streptobacilhis, Streptococcus, VeUlonella, Vibrio and Yersinia species; viruses 
including without limitation adenovirus, enteric adenovirus, adeno associated vims 
(AAV), influenza virus, parainfluenza virus, orbuviras, coronavirus, 
encepihaloniyDcatditis virus, enteroviriM, ECHO virus (enteric (^pathogenic hmnan 

30 orphan virus), coxsacMe A group virus, coxsackie B group virus, cytomegalovirus, 
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varicella-zoster virus, papilloma virus, baculoviius, picoma virus, rubella virus, mumps 
virus, encephalitis virus, SSPE virus, polio virus, measles virus, stomatitis virus, 
hepatitis virus, rhinovirus, REO virus, rotavirus, vaccinia virus, pig Oaskys disease 
virus, and retro viruses such as human immunodeficiency virus (HIV) and herpesvirus; 
5 protozoans; and small molecules as defined above. 

In a furfher embodiment of the invention the evanescent-field is not (or not only) used 
to excite labels attached to ligands but rather to selectively out-couple light generated 
near the surfece structure. 

10 

In a preferred embodiment the support of the present invention or the device of Ihe 
present invention are used in diagnostic applications. Diagnostic applications typically 
involve the removal of a specimen fi-om a patient or an animal. Examples of such 
specimens are blood, urine, sperm, vaginal secretion, stool, sputum, tissue, cells, lymph 
15 or flie contents of the gastrointestinal tract. The specimen can be applied directly to the 
support or can be fimiher processed externally by, for example, filtration, enzymatic 
treatment, mechanical and/or chemical disruption to isolate, e.g. single cells, DNA only, 
KNA only and/or protein only. In some embodiments the specimen is subcultured prior 
to the processing step in order to increase the amount and/or detectabilily of a particular 
20 ligand v^ithin the specimen. The specimen or the furfher processed specimen can be 
mixed with a variety of reagents like, for example, buffers, preservatives or stabilizing 
a^nts. Usually the specimen or the further processed specimen is applied to the support 
as a solution or suspension. However, one or more of the above processing steps, which 
can be carried out externally, can also be integrated into the support, i.e. occur inside the 
25 si5>port In a preferred embodiment the specimen, in particular a blood sample, is 
directly applied to the support, preferably to the disc and processed kside the support 
prior to me^uring the binding or unbinding of a ligand conqjiised in the sample. Such a 
series of processing st^s can, for example, include the lysis of cells, purification and 
concentration of DNA or RNA, in case of BNA additionally reverse transcription, 
30 amplification of target DNA or cDNA, hybridization with a DNA capture probe. 
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selective washes. An embodiment, in which a large number steps of sample preparation 
and analysis are carried out within the support, preferably the disc is termed "lab-on-a- 
chip" or 'lab-on-a-disc". The skilled artisan is well aware of a large variety of processes 
which can be used to prepare (a) ]igand(s) for later detection. The skilled person also 
5 knows how to select the appropriate sequence of a series of disrc^oo, prepaiaticm, 
purification, concentration, washing and/or amplification steps, which are necessary to 
allow detection of (a) given ligand(s) within a sample. As pointed out above the support 
of the present invention can include a variety of additional stractuies, which allow to 
carry out the desired processing stqps. 

10 

In diagnostic applications ligands are detected, which are mdicative of a disease or a 
predisposition to a disease. Such ligands include without limitation DNA, RNA or 
proteins of microorganisms, in particular pathogens, including bacteria, viruses and 
protozoans as well as intact microorganisms or firagments thereo:^ and tissues or 

1 5 fiagments thereof, cells, antigens, DNA, KNA, peptides or proteins, in particular 

antibodies m its natural or mutant form of a patient or animal. Based on the ligand that 
needs to be detected a suitable cqjture probe can be selected by someone of skill in the 
art For cell, vuus, piotem, peptide or antigen detection suitable captate probes are, for 
example, antibodies or binding fragments or derivatives thereof. For DNA or RNA 

20 suitable capture probes are, for example, DNA or RNA. For nucleic add detection by 
hybridization it is usually necessary to heat the support comprising the nucleic acid 
ligand and the corresponding capture probe. The heating step can be carried out outside 
of or within the device of the present invention. Thus, the device of the present 
invenlion can in a preferred embodiment also include a means of controlling the 

25 temperature of the support, preferably a heating means, which allows the hybridization 
of nucleic acids to take place within the device. Such means of controlling the 
temperature are known in the art and comprise, for example, Peltier clients and heat 
siDks. If desired this temperature control means can be used to cany out other reactions 
alternatively, prior or subsequent to the hybridization, which require a change of 

30 teniperatare, like for example, polymerase chain reactions (PGR), enzymatic digestions 
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or reverse transcriptions. Typically, a target DNA or RNA is amplified via a PCR- 
reaction prior to hybridization with DNA capture probes. It is also envisioned that the 
light source of the device itself can be utilized as a heating means alone or in addition to 
above temperature control means. Li^t can also be used to photochemically activate or 
5 cross-link molecular species present in the device in particular on or above the suifece 
of the siqjport like, for example, to cross-link two DNA strands one of which is attached 
to the surfece of the support. 

The incubation of the Hgand(s) containing medium with the capture probe(s) can be 
10 followed by one or more wash or reaction steps with, for example, buffers, enzyme 
substrates and/or secondary reagents like, for example, labeled antibodies. The skilled 
artisan is aware of a variety of appropriate buffers and reagents and knows, for example, 
how to select for a given capture probe-ligand bmdmg pair, i.e. for a DNA/DNA 
interaction or for a piotein/protein interaction, buffers suitable to remove unspedfically 
15 bound ligands. The washing and/or reaction steps can be followed in some 

embodimenis by removal or di^lacement of liquid medium in the siqiporl^ preferably in 
the measuring area by gas. The gas can be any gas or mixture of gases and is preferably, 
air or an inert gas Uke, for example, argon or nitrogenous gas. The, thus, lowered 
refractive index of tiie medium adjacent to tiie support will allow TIR to occur at lower 
20 Dm and, consequentiy, at lower a^A and/or awedge- This in turn will in particular in 

embodimenis of the invention using a mask in front of an objective lens allow the use of 
smaller masks and, thus, tiie generation of a higher energy evanescent-field on the 
surface of Ihe support and, consequentiy, a higher sensitivity. 

25 To detect optically-active substances in the evanescent-field fiomed on the surfece of 
the support, in particular to determme tiie binding or unbinding of a ligand to the 
surface of tiie support, more particularly to the captiire probes, a wide variety of assay 
formats well known in tiie art can be employed like, for example, bmdmg assays, 
unbmding ^says, sandwich Msays displacement assays and competition assays. The 

30 ^opiiate assay format will depend on tiie type of analysis to be performed, tiie ligand 
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and the capture probe and can be readily chosen by someone of skill in the art. The 
binding and/or unbinding events in one of the above assaying formats can be detected 
by a single measurement, repeat measurements, which are sepasated by discrete time 
intervals, or by continuous measurement Repeat measurement and c<mtimious 
5 measurement are preferred, if it is desired to dynamically detect the binding and 
unbinding events over time. The change of signal over time is an indication of the 
assodation and dissociation kinetics of the respective binding pair (c^tuie probe and 
ligand) and allows rapid and reliable determination of, for example, the concentration of 
the ligand in the medium. 

10 

The following figures are solely meant to further illustrate the invention but are not 
meant to limit the scope of the invention disclosed herein and claimed in the fended 
claims. Furthermore, all references dted are incorporated herein by reference. 

15 FIGURES 

F^. 1 shows two sections of support of the present invention with three similarly 
inclined planes adjacent to each other in a "wedged" arrangement Fig. 1 A shows an 
arrangement in which light directed at the surface of the support at an angle aNA, which 

20 is not sufiBcient to allow total internal reflection. Accordingly all light is only refracted 
at the interface and enters the medium (2) tbrough the support (1). Fig. IB shows an 
arrangement in which total internal reflection (TDEt) can be achieved at the inter&ce 
between the support (1) and the medium (2), when the angle ona of Ifae incoming beam 
exceeds the value Pm-ocwedge, wherein is the critical angle, given by the equation 

25 pTiR= arcsui(nmediuni/iiscpport)- This critical angle is approximately 56 degrees for a typical 
set up in which the support is made of polycarbonate (naisc = 1.6) and the medium is 
water (nmedium = 1.33). The part of the light beam for which above condition is met, will 
exhibit TIR (5), whereas the rest is being refracted and transmitted into the medium. 
Only if the condition Owedge-laNAl > Pm is met for the complete beam, then all of the 

30 beam will exhibit TIR at the polycarbonate/water interfece. 
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Fig. 2 shows the light path of light directed at the support, which has a focal point 
behind the surface of the support. The distance of the focal pomt from the surfece of flie 
siq>port is "x" also termed tibie amount of "defocus", the depth of the inclined plane is 
5 "6", the angle of inclination of the plane is "Owedge", "otirmax " and "am " ate the 
bounding angles for which total internal reflection occurs at the surfece of the inclined 
plane and "W is the length of TIR on the inclinedplane, i.e. the TIR active area 
length. The light is directed through the support (1) to the support medium interfece, 
undergoes TER and generates an evanescent-field (5) in the medium (2). 

10 

Fig. 3 shows an example in which an widitional tracking layer is provided in Ihe support 
which allows the correct alignment of the light with the inclined planes on the surfece of 
the support, even so the beam is "defocused", i.e. has its focal point in the tracking layer 
within the support. To decrease the amount of light refracted and transmitted into 

15 medium (2) an additional intermediate plane is positioned adjacent to the first inclined 
plane parallel to the lower surfece and is provided with a reflective coating (50), The 
light is directed through a first support structure (11) comprising tracking signals (12) 
and a second siqjport structure (13) forming the inclined planes on the surface of the 
siqjport (1). The condition Owedge-taNAl > Pm is met for all parts of the beam directed at 

20 the inclined planes and the part of the beam for which this conditicm is not met will be 
reflected back towards the ligjht source at the intermediate plane. 

Fig. 4 shows an exarnple where the disc/medium interfece is being irradiated by a 
focussed beam, generated by an objective lens (3). In front of the objective lens an 
25 obstructing mask (4) is positioned, such that only those rays are being transmitted that 
fulfil the condition Cna > Pm - ocwedge- As a result, no direct refracted light is transmitted 
into the medium. Only an evanescent wave is coiQ)led into the medium, being located 
very close (<?i) to the surface (5). The internally reflected beam resulting from the TIR 
has not been drawn. 

30 
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Fig. 5 shows an example where the wedge shaped structuie has been replaced by a 
symmetric pyramidal shaped structure. The support/medium interface is being irradiated 
by two focussed beams, generated by an objective lens (3). In front of the objective lens 
an obstructing mask (4) is positioned, such that only Ihose rays of the two beams are 
5 being transmitted that Mfil the condition o^a > ^im - ocwedge- In this case TIR occurs at 
both inclined planes within one measuring area, thereby doubling the total power 
enclosed in the evanescent-fields formed (5). Furthermore, diffi:action at the pyramidal 
structure gives rise to a symmetric (jpush-puU) tracking signal fin: radial tracking of the 
optica disc. The objective lens NA and size of the mask is determined by the pyramidal 
10 wedge angle awedge and the critical angle Pm. In this arrangement measures may need to 
be taken to avoid transmission of the excitation beam into the fluid after TIR, e.g. by 
flying absorbing or reflecting coatings at the right locations. 

15 Fig. 6 shows the same set-up as figure 5, however the objective lens has been modified 
such that a central part lens (31), which is partly covered by an obstructive mask (4) 
provides the light beam eliciting the e^^escent-field and is used for the generation of 
tracking signals, whereas an additional higher-numerical aperture (NA) lens (32) 
collects the photons emitted by fluorescence of molecules excited by the evanescenl- 

20 fields (5). As a result the system has a larger acceptance angle, thereby increasing the 
detection eflBciency. The low NA (i) is used for sarctpling and tracking, while the high 
NA (i) is used for detection, hi case of fluorescence detection, the collection of 
fluor^cence light can also be done by an optical system on the opposite side of the disc. 

25 Fig. 7 shows readout of the support using conventional near field coupling, where the 
objective lens (6), preferably a near field objective lens, with an NA > 1 .33 is in close 
contact (<^) with the optical disc. The medium(74) preferably is water with n = 1 .33. A 
gold fihn (73) is applied for reflection. The support preferably comprises a 
polycarbonate (PC) replicated structure comprising the inclined planes (72) and a glass 

30 or PC substrate (71) (nsapp,rt= 1 .5 and 1 .6, respectively). As a result a high readout NA 
can be realized at the support/medium mterfece. As long as the NA does not exceed the 
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refractive index nmedium, liglit is being transmitted at the plastic/water interface and no 
TIR occurs. For numerical apertures greater than this critical NAodt (==ninediBm) total 
internal reflection occurs at the polycarbonate replicated structure, giving rise to an 
evanescent wave coupling into the water medium (see Figure 8). 

5 

Fl^. 8 shows an embodiment of the present invention in which the numerical apertme of 
objective lens exceeds the critical NA. For entrance angles greater than NAain the 
incoming light at the support/medium interface is being totally internal reflected (the 
support contains the wedge structures), giving rise to evanescent wave coupling into the 
10 medium. The support comprises a polycarbonate (PC) replicated structure comprising 
the inclined planes (72) and a glass or PC substrate (71) (nnso = 1 .5 and 1 .6, 
respectively). Instead of a gold layer the surface of the wedge structure is coated with a 
capture probe layer (73). The medium(74) preferably is water with n = 1 .33. 

15 Vig, 9 shows an optical recordmg set-vtp for readout of the support Fig. 9 A shows the 
fight patii (21) from laser (10) to disc (70) in which a collimator (30), a spUtter (40), a 
mask (4) and an objective (6) are arranged. The support material (71) and (72) to which 
a capture probe (73) is attached, is arranged towards the laser, while the medium 
containing the li^nd (74) is arranged on tiie opposite side. The set-up includes the 

20 obstructive mask (4) for selecting entiance angles such that only those rays are 

transmitted that give rise to TIR at the disc/medium interface. Fig. 9B shows the return 
fight path (22) jfrom support to detector. A dichroic mirror (42) maybe arranged for 
distinguishing between tiie directly reflected/dif&acted tight (222) dkectedto the servo 
(82) and the (red-shifted) fluorescence (221) from excited surfiice molecules directed to 

25 the detector (81). 

Fig. 10 shows an alternative arrangement to the one shown in Fig 9 in which a dichroic 
stiiicture or polarization sensitive mask (4)is used instead of an obstiaictive mask. As a 
result aU of the reflected fluorescent light that is bemg emitted in a cone witii opening 
30 angle equal to the objective NA, is being collected and detected. 
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Fig. 11 shows an arrangement of the surfece structure of a disc. The areas comprising 
the inclined planes are structured as channels that extent radial firom the center of the 
disc (A) or structured in drcles arranged azimuthal around the center of the disc (B). 
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CLAIMS 



1 . Support comprising two essentially parallel surfaces for the detection of optically- 
active substances within an evanescent-field formed on the sur&ce of the su^ipart, in 
which in at least one area a plane of said surfece is inclined with respect to the plane of 
the support by an angle o^edge from 10° to 85°. 

5 

2. Support according to claim 1, coBcprisiog at least 10, preferably at least 100 areas. 

3. Support according to claim 1 or 2, wherein said surface, at which the detecticMi of 
the optically-active substances takes place is covered by a top plate. 

10 

4. Support according to one of claims 1 to 3, wherein Owedge is between 15° and 75°, 
preferably between 25° and 65°. 

5. Support according to one of claims 1 to 4, wherem the refractive index of Ihe 

15 support (nsupport) is larger than 1.0 and smaller than 2.0, preferably between about 1.4 
and 1.8. 

6. Siqjport according to one of claims 1 to 5, wherein within the area on said surfece a 
second plane of the surface adjacent to the first inclined plane is inclined in such that 

20 a symmetrical pyramidal structure is formed. 

7. Support according to one of claims 1 to 6, wherein at least one capture probe is 
attached to the surface of the hiclined plane. 
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8. Siqjport according to one of claims 1 to 7, wheiein the c^ture probe is selected 
from the group comprising proteins, in particular antibodies, receptors, enzymes, 
signaling proteins or ftagments tiieieof; peptides; polysaccharides, nucleic acids, in 
particular ssDNA, dsDNA and SNA; nucleic acid analogs, in particular PNA; and 

5 small molecules. 

9. Support according to one of claims 1 to 8, wherein the support further comprises 
reagents and/or buffers. 

10 10, Support according to one of claims 1 to 9, wherein the support is an optical disc. 

1 1 . Kit comprising a support according to claims 1 to 10 and reagents and/or buffers. 

12. Device for the detection of optically-active substances witiiin the evanescent-field 
15 formed at the surface of a support comprising: 

a) at least one Ught source emitting essentiafly monochromatic light of at least 
one wavelength, and 

b) at least one detector means, 

wherein the at least one Ught source is arranged in such tiiat it is opposite to tiie 
20 surfece of a support:, where the detection of tiie optically-active substance occurs 

once the support is placed into the device. 

13. Device according to claim 1 2, wherein tiie detector means is arranged on tiie same 
side as the light source. 

25 

14. Device according to one of claims 12 to 13, wherem the light source generates 
essentially monochromatic light. 
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15. Device accordiag to one of claims 12 to 14, comprising at least two li|^t sources 
generating essentially monochromatic Ught of at least two different wavelengths. 

16. Device according to one of claims 12 to 15, wherein a filter is axranged within the 
5 light path of the light source. 

17. Device according to one of claims 12 to 15, wherein an objective lens is used to 
focus the light of the light source on the support 

10 18. Device according to claim 17, wherein a mask is placed in the Hght path between 
the Hght source and the mask, whidi essentially blocks all light directed at the 
support with an au^e bna smaller than arcsin(nmediuin/iisupport) - a^edge. 

19. Device according to one of clabms 12 to 18, wherein the device ftirther comprises a 
15 support according to one of claims 1 to 10. 

20. Device according to claim 19, wherein the siq>port is an optical disc. 

21. Device according to claims 19 or 20, wherein the wavelengfh of the li0xt emitted 
20 from the light source, flie angle o^edge of fie inclined plane(s) of the surface of the 

support ona of the light directed at the disc, nsnpportand r^iedium is(are) selected in such 
that the depth d of an evanescent-field, which is formed in a medium comprising the 
ppticaDy active substance applied to the support is between 10 nm and 1 |jm, 
preferably between about 20 nm and 200 nm. 

25 

22. Use of a support according to one of claims 1 to 10, a kit according to claim 1 1, 
and/or of a device according to one of claims 12 to 21 for the detection of at least 
one optically-active siAstance within the evanescent-field fi)rmed at a surfece of the 
support. 
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23. Use according to claim 22, wherein the optically-active substance is detected by 
fluorescence, optical scattering, and/or reflectance modulation. 

5 24. Use according to claim 22 or 23, wherein the optically-active substance comprwes a 
ligand labeled with a fluorescence label, a scattering label, and/or a reflectance 
modulator. 

25. Use according to one of claims 22 to 24, wherein the optically-active substance or 
10 Ihe ligand is contained in blood, urine, sperm, vaginal secretion, stool, sputum, 

tissue, single cells, lymph and/or the contents of the gastrointe^al tract or derived 
thereof. 

26. Use according to one of claims 22 to 25, wherein the bmding or unbinding of the 
15 optically-active substance to the surface of the support is detected. 
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ABSTRACT 

Support with a suifece structure for sensitive evanescent-field detection 

The preset invention is concerned witii a support, in particular an optical disc, witii a 
sur&ce structure for the detection of at least one qptically-active sid>stance vn&m the 
5 evanescent-field at one surface of the support, whereby the surfece structure allows the 
generation of an evanescent-field in a medium adjacent to the surfece structure. The 
invention also concerns a device employing such a support with a surfece structure, in 
particular an optical disc and uses of the support with a sur&ce stn«;ture and the device. 
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